25-Watt Linear Amplifiers

for 144 and 220 MHz

T

Do you need more punch from your hand-held or portable rig

for 2 meters or 220 MHz? These littie ampl

any hams have 2-mcter and

220-MHz hand-held rigs and low-

power portable SSB rigs these
days. Unfortunarely, many of these radigs
have limited usefuiness because of their low
power output. Also, as hand-held radios get
smaller, s0 dov the NiCd packs that power
them —a few long-winded transmissions on
high power and the battery is dead! The low-
power mode is usually good only for short-
range simplex operation, or repeater use
when you're close LG Lhe repeater. High-
capacity battery packs are available for moar
hand-held rigs, but using them takes away
the size and weight advantage of today’s
smaller hand-held transceivers. Some rigs
offer the option of removing the battery
pack and plugging the unit divectly into 12-V
de, which gives you a smal, lightweight rig,
but vou're still sinck with relatively low
POWEr.

The salurtion to this problem iz the addi-
tian of a linear amplifier. An amplifier after
the hand-held transcsiver or porisble rig that
ean give you 25 to 30 W ol oulput power
(depending on the outpul ol ihe driving rig)
without imposing larpe weight, cost and
current-drain consiraints is a great addition
to your VHF station. An amplificr also
allows you Lo use the same low-powered rig

By Dave Mascaro, WARIUF

RD 1, Box 487
Ottsville, PA 15942

in the house and in the car with high power
outpul. You can mount an amplifier under
the seat or in the trunk of your car, and
minimize the possibility of theft by taking
the radio with you when you leave the car.

Amplifier Design

The amplifiers described in this article are
capahle of 25 to 30'W of RF oulput Tor the
drive power avaitable from common hand-
held and portable rigs, The 2-meter and
220-MHz desiphs are s similar that we can
describe them bolh in one discussion. The
differences in the designs are covered in
detail. Desipn, assemnbly, tuning and use of
the amplifiers iy virtually identical for both
versions, Both versions even use the same
PC board! (MWote that two different boards
are shown in the Tcad photo—they were
prototypes of the final board design.)

Receiving preamplifiers are included in
both unita. They, too, are quite similar,
differing only in some component vilues,

This povwer amplifier uses a single SD1274
bipolar transistor munufactured by
Thomson Components/Mosiek Corp.! The
device is operated class AR for all-mode
operation. Noulinal de power supply volrage

'Motes appear on p 21.

fiers can supply it!

Is 13.8. The amplifier will operate on any,
dec supply voltage between 12 and 14.5 (the
typical automobile supply voltage range).

The tnain amplifier PC bnard is a micro-
stripline design on standarg 1716-inch-thick,
double-sided, G-10 fiberglass-cpoxy board.
Input and output tuning capacitors are
provided for mazitnizing gain and power
output in a given band segment. If desired,
the amplifiers can be tuned tor broadbund
opetation with only a slight redugtion in
power output across the cperaling frequency
range,

The 2-meter and 220-MHz amplifiers are
narrow-band designs. The 2 meter version
gives 25 W outpul for 2 W of drive from
138 to I50 MHe, with a single tuning sctting.
When tuned lor narrow-band operation, the
amplifier gives about 20 W output for | W
of drive, With the Kenwood TEL-21A1 on
high power, my 2-meter amplifier puts out
23 W. On low power, 1 can adjust the ampli-
fier for & maximum narrow-band gain,
which gives ahout 7 to 8 W output. Efii-
ciency is 50 to 60%, depending on luning
and power autpt.

The tuning range of the 220-MHz ampli-
fier is 200 to 230 MHz. When tuned for
narrow-band operation, the amplifier gives
about 16 W cutpul for | W of drive.
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Fig 1—Schematiz of tha 25-°W VHF amplifiers.

when mounting the power transistor—see text for precautions. In the parts list bekow,
in the 2-meter versien, Asterisks indicate parts not used in the 220-MHz version.

theses whers they differ from thosa

C1—15-sF, B-V de.

Ce—ar-pF dise.

CA—2-pF silver mica.

G4, 023, C26—270- to 470-pF ailver mica
or Unalco.

{8—270- to 470-pF (100 pF) slivar mica or
Unalco.

C5, C7, C14, C16, C19, C24-—-0.01-uF dise.

C6—0.22-¢F disg.

C8—43-pF silver mica or Lineico.

Cl0—Arco 404—4 to 60 pF (Arco 403—4

1o 40 pF}.
Gi1, €15*- 1-4F, 15-¥ tantalum.
C12—180-pF {120-pF) Uneleg.
13, C12—220-pF Unalco.
C17—88-pF (51-pF) Unselco.
C20—10-xF, 35V alactrolytic.
C21*—33-pF silver mica or Unelco.

Driving the amplifir with my 1C0OM
IC-3AT on high power (about 1.5 W), the
amplifier puts out 20 W, With the [C-3AT
ou low power (about 150 mW), I can rune
the amplifier 1o give 4 W output. Efficicney
is about the same as the 2-meter version.

The suturaled power output for both
versions is more thun 35 W in FM opeta-
tion. The maximum FM power input is
4 W, Minimum power inpul lor proper RE-

16 05

The 5-A fuse is includad in the power lead (external to the amplifier). Be extremaly caraful

ce2—Arce 404—4 w 80 pF (Arco 402—1.5
o 20 pF}

G25-- 0.1-uF disc.

£27—0.001-pF disc.

Ga4, Ca5--26-pF {18-pF Unelco.

C38—10-pF trimmear.

[, D2—1N4148 or INg14,

D3, D4—1N4001 or aguiv.

D5—ECG 581 or aguly.

DS1—LED.

FB—Farrite baad.

K1—Qmrmn LZN203.UA-DC12 DPLT relay.

L3—3 turna (1 turn) no. 18, closewound.
0.2-in. (Y-n.} ID.

1 —Thomson/Mostek SD1274.

Q2—kPS-A13 NPN Darlington.

Ri, Rd—1.5-ki2, 12 W.

R2—SD0-kG, 10-1urn potenticmalar.

sensed keving operation is 100 mW.

The Power-Amplifier Circwit

See Fig 1. K1 is similar to relays uscd
irt ¥CR RF circuits. 1 have switched up to
40 W at 2 melers and 35 W at 220 MHz»
with these relays. They present a good
match 10 50 . The loss throuph the
amplifiers {when not in use) resulting from
these relays is less than 1 dB, This is typical

valuas for the 220-MHz versicn ara given in paren-

R3—10-k0, ¥ W,

RA5—100-2 minigture patanticmater.

RB—270-11, ¥ W.

R7, RE—10-, 12 W.

AI*—154, 1 W.

RFC1, RFCZ, AFC4—{ 47-4H molded
choks.

AFC3* --0,1%-uH molded choke.

RFC5—F6 turng (5 turns) no. 16 enam.
Ya-in. ID.

RFCE—VK200/4B farrite choke.

S1—Minlature SFDT toggle.

U1 —LM317T voltage ragulatar

Miscoltanecus

2 BNC or N connactora (5a0 1oxt).

4 x 4 ¥ 1V%-in, heat sink.

5-A fuse and In-line holder,

2 % 1-In. scrap of lhin sheet brass.

for 2-meter and 220-MHz amplifiers.

In addition Lo switching the transmitted
and received signals, the relays also switch
the de supply vollyge. In the transmit
mode, K1 swicches 13,8 ¥V de o the input
of the bias regulator, U1, The regulator 1C
and its associated resistors (R7, R8) and
bias dinde (D) supply a stiffer bias vollage
to the base of Q1 thatt the more-commou
voltage-divider bias networks. This low-



Fig #—Main PC-board
laygut for the 2-meter and
Z20-MHz amplitiers,
Artwork is full scale.
Bacausa this is & micro-
stripline design. do nat
change the geomeatry or
routing of board traces.
The board mus! be drilled
for rivets, mounting harg-
ware and transistor
mounting at the locations
marked. The transistor-
mounting hole (3 0.38-n,
digm and should ba
drille at the + near the
center of the PG board.
All ather holes {excepi for
the relay-mounting hoies
neat the output micrg-
slripling} are for rivats and
no. &40 mounting hard-
ware.

impedance bias source keeps the bias
voltage constant over the range of RF drive
levels. With a vollage-divider bias narwork,
bias voltage can be upser by the base-
emitter rectificalion (sell bias) developed hy
the RF driving signal, In such a case, over-
deiving the amplifier canses the basc hias
o decrease, resuhing in non-lincar amplifi-
cation, This effect is limited with the
repulalor-type bias cirouit vsed in these
amplifiers.

TR switching is accomplished by an RF
sensing circnit, A small amount of RE is
sgmpled by C3 and rectified by 31 and D2,
which turns on keving transistor Q2. Q2
pulls in X1, which switches the aplifier
inta the line,

When 31 is in the $SB pusition, a short
drop-out delay is added in the RF sensed-
keying circuit Lo keep the amplifier keyed
during briel pauses in speech. This delay
is adjustable by varying R3. In the FM
position, 1o delay is needed. S1 Hocs not
change the class of operation of Ql—it
merely switches in the delay circuit.

The switching relays are wired so the
amplifier ean remain in-line at all times,
with or withour the supply voltage con-

nected. Applying the supply voltage ailows
you te usc the amplifier and preamp.
Without the supply voltage connected, all
transmitted and recejved signuls pass
through the amplitier.

The spectral output of Lhess amplifiers
is quite good, but to ensure clean signals,
I've added filters Lo the output of each unit.
Although there isu*( much extra roam far
the filter coinponents inside the amplificr
cabiilel, you can mount them on the back
cover or in another small enelasure. The
filiers, shown in the title phato, are very
simple to build and tone.

Cunsiructdon

Each amplificc consists of two PC
boards: the power-amplifier board and the
preamp hoard {f used). After the PC boardy
are etched, holes are drlled with a ng, 50
bit. for installation of tinned grounding rivats
at all RI" and de grounds (see Fig 2).°
Tnstall the rivets on the bourd ay follows:
After inserting the rivels, Mare the insertad
end with an awl, Nexi, flatten the rivet hy
tapping it lighlly with a hammer, using an
anvil or oiher selid surface under the PC
board as a support. Solder the riveta on both

sides of the PC board. Alternatively, pieces
of wire can be soldered through the
board -but becausc the wires will not be
flush with the beard, mounting the heat sink
may he difficult.

Drill the holes for Q1 and the board-
mounting screws as indicated in Fig 2, No
holes are needed for component mounling
heeanse all parts are mounted on the Lrace
side of the P board, All the cumponents
except the preamp board are mounted next.
(The preamp board is mounled alter the
amplifier has been tesled, W prevent possi-
ble damage to Uie preamplifier.) Cennect a
piece of minjgre 30-0 Teflon® or RG-58
coaxial cable between K1 and the amplificr-
inpul migrostripline (see Fig 3).

Alter drilling or milling holes for Q1 in
u suilzgble heat sink (see Fig 4), tap the
mounting holes in the heat sink for no. 4-40
hardware, and mount the PC board to the
heat sink. Trim the four leads of QI to
about. half their original length to make
mounting casier.

Q1 can be mounted in one of several
wiys. The distance between the underside
of the leads of Q1 and ithe heat-sink
mounting area of Q1 s fanwer than the thick-
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Fig 3—Pans-placemant diagram for the YHF amplifiers. All parts are mounted on the foittrace side of the PC board. Tha power-lransister
mounting slud pesses through the board and into the heat sink. DE is epoxied lo lhe ceramic cap of Q1. R2 {104urn petentiometar) is
apoxied 1o the PC board as indicated, with the pins facing up.

ness of 1/18-n, G-10 board material.
Because of this, the heat sink must be milled
(see Fig 4), or small pieces of copper or brass
must be soldered under gach lead of Q1 1o
make np the difference in height, Alleria-
tively, a second piece of G-10 material cun
be cat to the same size as the amplifier PC
board and vsed as a spacer between the PC
board and heat sink, .

Be careful not to erack the hody of (1
where the leads of the deviee meet it—this
can release bervllium-oxide (BcO): dust,
which is fethal. The leads of the transistor
can be bent dowa slightly to the PC board
without atfecting RE performance, but
mever foree them in the opposite direction
after the trunsistor has been tightened to the
heat sink. Mount the trausistor to the heat
sink firsz, then solder its leads (o the board,
and nor vice versa, Use thermally conduc-
tive compound between Q1's mounting
surface and the heat sink.

Cut a picee of hobby-store sheet brass
about as wide as the hias regulator IC and

i@ neET

twice a8 lang as the hady of the device. This
will be a heat sink for the bias regulator.
When mounting the regulater TC, use
thermally conductive componngd between it
and the brass sheet, and between the brass
and the main PC board. After tightening the
IC hardware to the P board, bend the
brass sheet in a U shape over the IC, leaving
engugh clearance for hisat to escape between
the IC and the brass heat sink, This heat-
sink arrangement van be seen near the
hotrom center of each amplifier in the lead
photograph.

The Preamplifier Circuit

The high gain and low noise figure (NF)
of a GaAsFET preamp arc not. necessary in
amplifiers in this power class. I designed the
preamp vireuil (Fig 5) to uss an inexpensive
11318 FET. It has more (han enough pain
1o overcome the losses of the amplilier
switching circuita and the feed line to the
amplifier. The preamp has morc than 12 dB

zain and noise figure of about 2 dB,

When 52 15 clused, K2 closes, activating
the preamplifier by applying the de supply
voltage to the drain circuit of Q3 and to the
preamp &N LED, T¥S2. Tn the transmit
mode, K1 switches off the supply voltage
1o K2, allowing K2 to drop out.

The preamp circuil is optional, and 1
didn’t include it on the main amplifier PC
hoard. Tf you're not going to build the
preamp, salder foil-tape or wire jumpers
between the two points on thc main
amplifier PC board where the preamp con-
nects during assembly.

Building the Preamplifier

The schematic of the preamplifier circuit
is shown in Tig 5. As mentioned earlier,
although some component vahes differ
between the 2-meter and 220-MHz versions,
the two are essentially the sume in all other
respeets. Compornents that have different
values for the twa versions are marked with
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shim. Be careful not to slress Lhe transistor

asterisks on the schematic and the parts list.
Unlike the main amplifier PU board, most
preamp components are mounted Hrough
the board and soldered on Lthe botlom side,
The PC-bourd lavoul and parts-placement
disgrums are shown in Figs & and 7,
respectively.

Asg with most FET VHT preamplifiers, a
shisld is necessary between the inpul
inductor and the active device. Solder a
piece of scrap brass shegt to the ground foil
between these circuit elements. {This preamp
shield can be seen in the right-hand amplifier
inn the lead photo, just behind L1.)

After building the preamplifier, tune it [or
maximum gain with a signal generator or
an on-be-air signal, If one is available to

lead to-body cannactioha duting mounting.

¥OU, use @ noise-ligure meter and tune the
preamp for best NF.

Bullding the Outpnt Filters

T huilt the output filters for each amplificy
on scraps of PC-board material, The von-
struction is shown in the title photo, After
building il (liers, it's 2 good idea to use
some silicone sealant on the coil {cspeeially
in the 2-meter filter) to hold the coil turns
In place. Tnstall the filier in a suitable
enclosure, of in the amplifier cabinel.

To tune the filters, you'll need 3 receiver
capable o[ receiving the second harmanic of
the fundamental (288 MHz. far the 2-meter
filter, and 440 MHz for the 220-MHz filter),
and a ¢ignal generator or an on-the-air

sipnal. Connect the [ilter between the
antenna (or signal generatory and the
receiver, and tune C36 for minimum second-
harmonic signal level,

Enclosures

I used the main amplifier PC board as the
top cover for the unit (with the hest sink
mounied vn it} | made the sides and bottom
cover of the enclosure from PC-board
material. The side walls are soldered to the
amplifier board, and the botiem cover is
attached to the side walls will snull brackets
{also made of PC-board material) soldered
to the bullom cover. Alternatively, the
amplifier can be mounted in an aluminum
enclosure.

Although Iused BNC conrectors fur RF
input and cutput, N connectory cun also be
used. Make the connections from the input
counector ¢ (he PC board with a pices of
no. 16 wire or a 1/8-inch-wide strip of brass
to the inpat microstripline, At the output,
connect de-blocking capacitor C26 between
the microstripline and ihe anlenna con-
nector. Cheek the board Tor proper compo-
nent placement and good solder joims, and
et ready 1o tune up the amplifier!

Amplifier Tune-TIp

As with the amplifier-circuit design and
description, the tune-up procedure iy very
similar for both, The only difference is the
eaviter you use. Here's how to tune cither
version.

Tisconnect RFC4 from the base of Q1.
Connget a voltmeter to the free end of
REC4, Apply 13.8 V dc to ile amplifier
supply voltage leads, Using the voltmeter,
verily (hat R5 is mounted so that cutput of
U1 increases with elockwise rotation of RS,
Turn RS fully counterclockwise (minimum
II'1 output voltape). Reconnect RFC4,

Set the quisscent (no-duive) curreni. 1o Q1
as follows: Disconnest one end of RFCS and
Lulnest yn ammeter in series with ir. Apply
13.8 V dc to the amplificr thtough a 5-A
fuse. Turn the preamp off. Do not appfy
RE drive during this adjustment. Using a
clip lead, ground the collector of Q2, This
should actuale K1. Check the 1x LED,
DS, for pperation. (If K1 actuates and the
tx LED does net light, the LED may be
installed in reverse.} Slowly adjust RS for
an idling current {through RFU6) of 75 to
100 mA, The amplifier should be stable;
instabilities are unlicaled by eratic variation
of Q1's yuiescent current as RS 1s adjusted,

Disconnect the grommd lead of (2. Q1’s
collectar current should drop to zero. If the
collector cutrent does not drop to zerg, the
amplifier 15 unstable, If all is well, remove
the ammeter and reconnect RFC6. If the
amplifier 5 unstable, check all hypass
capacitors and solder connections.

Apply about 100 mW of drive to the
amplificr and check that the COR and delay
circnits work properly, Adjust C10 and C22
for maximum power output, [ncrease drive
power and retune for maximum outpaf,
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Fig 5—Schematic of the preamplifier

gircuil. K2 is identical to K1 on the main

amplifier board. §2 and DS2 ara mounted

on lhe front panel of the amplifisr. In the

patts list below, values for 320-MHz version

are given in parentheses whare they differ

from those of tha 2-metar version.

C28, C29, C33—0.01-uF disc.

CA0—2-pF silver mica.

Cal, ©32—20-pF trimmer,

DS2—LED.

D&—{N4001.

L1, L2--5 turna {4 tums) no. 16 enam,
0.3-4n. (D.

K2--Omron LZN203-UA-DC12 DPOT relay.

2—Lla10 FET.

R10—1 5-ki}, Y2 W.

A11—910, 4 W,

RFC7, RFC8—0.47-xH molded choke.

SP—Miniature SPOT toggle.

Miscellaneous

1 x '%-In. strip of thin sheet brass
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Fig 8—Full-size PC-board layout for tha preamplifier CIrcuit. Unlike the powsr-amplifier PC
board, most of tha preamplifier components are mounted on the non-tracs side of the

board,
H¥CH
K2
To 82 TO HIY
Flg 7—Parts-plavemant diagram for the VHI preamplifier. Mount all components on Lhe

unatchad groun

d-plane side except for C30 and C31. Use a drill to clear the foil away

fram all mounting holes on ihe ground-plane side of tha baard (excopt far through-poard
ground connections). Solder all ground connections on both sides of the PC board {see
taxt for rivat-installation instruclions). Sclder a brass-strip shield te the ground foil betwean
L1 and O3 on the component side of tha PG board.,

20
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After final assembly, tune the amplifier for
the desired frequency and power level.

Final Assembly

The preamplificr board can now be
installed on the main PC board. Mount the
preamp on ils edpe (refer to the title photo
and Fig 3} and solder the input and cutput
microatriplings 1n place. Solder the ground
fail of the preamp hoard to the ground foil
of the main board in 4 fow piaces 10 support
the preamp board. Connect S2 and D52 to
the preamp board with hook-up wire (see
Figs 5 and 6 for conneclion poinis), Apply
power and check for proper operation of 52,
K2 and T»S2.

‘I'he enclosure can now be painred if you
wish. Use masking tape to cover the con-
nectors and heal sink. {(Mount the LELYs and
switches afrer painting.) You may want 10
add stick-on rubber feet to the bottom cover
to keop it from sliding around and being
scratched.

Amplifier Operation

The 2-meter amplifier works very well
wirh my Kenwood TH 21AT hand-held and
TCOM IC-2028 SSB/ACW transceiver, I use
one in my shack and one moblle—both at
more than 25 W output. T drive the
220-MHz version of the amplifier with an
ICOM TC-3AT (in ils high-powsr inode}.

Limit the amplifier power vutpul 1o
2% W during linear operation. A¥ SS8
amplifiers have a rated finedr power oulpit
that should not be exceeded, even though
the ainpiifier may be driven above that level.
To keep your sigrul clean, do not overdrive
any amplificr. For exciters with fixed power
onpnts that would overdrive the amplifier,

{continued on page 21)



25-W Linear Amplifiers
{continued frem paga 20)

use the loss of a length of RG-58, or a
Jiscrete attenuator, between the radio and
the amplifier to prevent overdrive, The gain
of the preamplifier (if used) will overcome
the anentator or cable loss during receiving,

When using any amplifier or transverter
in the shack, it is a good practice to ““hard
key”” it. Tard keying, is simply forcing the
amplifier or transverier into the transmit
mode with a swilch ¢losure or an applied
voltage. To do this, run a keying linc from
the exciler Lo the amplifier. (Ground the
collector of Q2 iv hard key these amplifiers.)
1 added a phono jack to the 220-MHz
amplifier to facilitate hard keving. If a
pusitive volinge is used for keying, a 2M27222
transistor inverter can ke used between the
transceiver and the collector of Q2 {see the
inset in Fig 1),

Summary

These amplifiers have served me well in
the car and at home, After building one of
these amplifiers, you'll probably find whar
I did: They're so hamddy to have around,
and so easy to build, that you can’t huild
just one!

MNotes

'Thomson CempeonentsiMostek  Corp,  Sami-
conductor  Division, GCommerca Dr,
Montgomeryvilla, PA 18866. Thomsaon transis-
tors are available through RF Gain, Ltd,
100 Marrigk Rd, Rockvilla Gantar, NY
VIB7Q, ol S516-535-8868 ar BOO-545-2322.

IThe following pars ars avallable from Frontier
Microwaws, BD 1 Box 487, Oltavitle, PA 18042
100+ tinned rivets: $2; ralays (K1, K2): 2 for
$8. Frices include shipplng. The ARRL and ST
in no way warrant this offer. AET—|



